Summary
Introduction
Comestible seeds like sesame, sunflower, flax, pumpkin and poppy seeds are increasingly incorporated in the modern diet because of their potential health benefits, associated with their high concentration in omega-3 and omega-6 polyunsaturated fatty acids, and with some of their biologically active components. Along with changing diet habits, hypersensitivity reactions to seeds are augmenting, but still are rarely suspected. Pumpkin belongs to the Cucurbitaceae family. Its seeds have been used as traditional medicine in South Asia and both Americas. Since a few decades, as alternative medicine and healthy nutrition become increasingly popular, pumpkin seed has gained interest in the field of diet and disease research. Its various medicinal bioactivities, reviewed in this report, have contributed to qualify pumpkin seeds as an attractive nutriment, but hence also as a potential emerging allergen food source.
Food allergy to pumpkin seed is considered an extremely rare allergy. Only one case of severe allergy in a child after ingestion of pumpkin seeds has previously been reported in the literature (1) . We describe another pediatric case of food anaphylaxis to pumpkin seed. Food allergy to pumpkin seeds: review upon a case report curbit genera Cucumis and Citrullus: three Cucumis melo or muskmelon varieties (cantaloupe, canary melon, honeydew), Cucumis sativa or cucumber, as well as Citrullus lanatus or watermelon. All kinds of other edible seeds and their oils (sesame, sunflower, flax, poppy), nuts, and flour types were tested for the same reason. Skin prick-to-prick testing demonstrated a large positive 10 mm wheal and flare responses to different kinds of pumpkin seeds (Figure 1 and 2) , Cucurbita pepo Lady Godiva, French Cucurbita maxima Rouge vif d'Estampes, French Cucurbita moschata Musquée de Provence, and a 5 mm wheal and flare response to Cucurbita moschata butternut squash seed, while the histamine control was 4 mm. Prick-to-prick skin tests with raw and cooked pulp of these pumpkin varieties were negative, as well as with immature zucchini (Cucurbita pepo) seeds, raw and cooked zucchini pulp and pumpkin seed oil. Prick-to-prick tests were slightly positive with sunflower, flax and sesame seed, creating a 3.5 mm wheal. Poppy seed prick-toprick tests were negative as well as prick-to-prick tests with linseed oil, sesame oil, rape seed oil (colza oil), cucumber, seeds and pulp of cantaloupe, honeydew, canary melon and watermelon. rine auto-injector (Epipen ® ) with immediate efficacy. The boy was hospitalized for 24 hours in the nearby hospital. At about 5 years of age, the child had already experienced an episode of faintness with nausea and oropharyngeal pruritus after ingestion of a bite of bread containing seeds, resolved rapidly after oral intake of antihistamines. This incident had therefore not been reported to the allergist before. The child consumed without any problems the different cucurbits (different pumpkin and squash varieties, zucchini, cucumber and melon varieties including cantaloupe, canary melon and watermelon), peanuts and all kinds of nuts (almond, hazelnut, walnut, pecan nut, pistachio, cashew nut, Brazil nut, macadamia nut, coconut, pine kernel).
Results
We tested the pulp and the seeds of cultivars of the three Cucurbita species commonly found in Europe: Cucurbita pepo, Cucurbita maxima, Cucurbita moschata. In search of cross reactions, we tested also the pulp and the seeds of some cultivars of the two cu- 
Historical aspects
Cucurbitaceae probably evolved in the Late Cretaceous, some 60 million years ago (2) . The varieties of pumpkin and squash originated in various places throughout the Americas, specifically central Mexico, Peru and the Eastern side of the United States. Archaeological records suggest that Cucurbita species were one of the first plants to be domesticated (3, 5, 7) . Cultivation by the inhabitants of Guila Naquitz cave date between 10,000 and 8,000 BC, predating corn and beans by more than 4,000 years (8) . Cucurbita species were brought to Europe after Columbus' exploration after 1492 (5). Cucumis and Citrullus species originated in Africa and Western Asia (India). Finds in Egyptian tombs dating from the 16th to the 12th century BC have revealed that sweet cucurbits were being eaten by pharaohs, as well as later on by Roman and Byzantine empires from the 2nd to the 6th centuries (3, 5, 9) . In Austria and adjacent countries, pumpkins have been grown for production of oil for about three centuries. Because the seed coat comprises about 20% or more of the seed weight, new technologies were sought to utilize in oil seed pumpkins. At about the turn of the 20th century, a shell-less seed variant was discovered and subsequently bred because of the greater efficiency in oil recovery, since the seeds did not have to be laboriously hand shelled (10) . In the last two decades, pumpkin seed has been the focus of increased interest in the field of diet and disease research due to the potential health benefits associated with some of its biologically active components. With the advent of diets rich in omega-3 and omega-6 polyunsaturated fatty acids, pumpkin seeds and other seeds have been incorporated in the modern diet. Pumpkin seeds are used as additives to confectionery and bakery products or eaten as snacks after being salted and roasted. Pumpkin seed oil (especially that obtained from hull-less seeds) is utilized by both pharmaceutical and food industries (in the latter generally as salad oil) (11) . Besides its use as food, pumpkinseed flour is used by fishermen for baits to lure fish (12) .
Prick-to-prick skin tests remained also negative to peanut, all kinds of nuts (almond, hazelnut, walnut, pecan nut, pistachio, cashew nut, Brazil nut, macadamia nut, coconut, pine kernel) and flours (wheat, rye, oat, soy, lupine, buckwheat, chestnut). Specific IgE to pumpkin seed (C. pepo) were positive at 3.75 KU/L, while they remained negative to pumpkin pulp, as well as to sunflower seed, flaxseed, sesame seed and poppy seed. Furthermore, negative results were found for specific IgE to recombinant peach proteins pru p 1 (PR 10), pru p 3 (LTP), pru p 4 (profilin), peanut and hazelnut PR 10 (ara h 8 and cor a 1, respectively), peanut, hazelnut and walnut LTP (ara h 9, cor a 8 and jug r 3, respectively), peanut storage proteins ara h 1 (7S globulin or vicillin), ara h 2 (2S albumin) and ara h 3 (11S globulin or legumin), cashew nut storage protein ana o 3 (2S albumin), walnut storage protein jug r 1 (2S albumin), and hazelnut storage protein cor a 14 (2S albumin), whereas specific IgE to hazelnut storage protein cor a 9 (11S globulin) were slightly positive at 0.13 KU/L (by ImmunoCAP ® Thermo Fisher Scientific, Phadia AB Uppsala Sweden). Total serum IgE measured 212 KUI/L, and serum baseline tryptase 8.06 µg/L. An oral challenge test with a seed mix (sunflower, flax, sesame and poppy seed) was proposed on account of the cutaneous sensitization to these seeds, and remained negative at significant doses (cumulative dose of 20 g).
Discussion

Botanical aspects
Cucurbitaceae, also called cucurbits, are herbaceous climbers or woody lianas grouped together in a plant family consisting of about 95 genera and 950-80 species (2) . The Cucurbitaceae family ranks among the highest of plant families for number and percentage of species used as human food. Edible genera include:
• Cucurbita, squash, pumpkin, zucchini, some gourds idant, pumpkin seeds were shown to have protective activity against cardiovascular diseases and non-alcoholic fatty liver disease, by improving plasma lipid profile, lowering blood pressure and attenuating arthrosclerosis development (24) (25) (26) . Bioactive macromolecules, such as Tocopherol, Trigonelline, Nicotinic acid and D-chiro-inositol, found in pumpkin seeds, possess hypoglycemic properties and could assist in maintaining glycemic control (27, 28) . Because of their high β-sitosterol content, pumpkin seeds (C. pepo) are further used to treat benign prostatic hyperplasia (29) and overactive bladder (30) , especially in German speaking countries where pumpkin seed is officially, since a few decades, in the German Pharmacopeia (Granu Fink ® ) (31). Finally, because of the high tryptophan content, pumpkin seeds might ease depression, anxiety, nervous irritability and insomnia (6, 32, 33) . Furthermore, they have shown to improve the iron status (34) and have blood-coagulatory effects (6, 35) . Their multiflorane-type triterpenes have melanogenesis inhibitory activity and thus may be potential skin whitening agents (36) . Pumpkin seed oil has shown to be effective for the treatment of hair growth in male patients with mild to moderate androgenetic alopecia (37) . Table I summarizes the medicinal and pharmacological effects of Cucurbita sp. seeds.
Allergenicity
Allergy to pumpkin is considered a very rare disorder and so far only a few isolated case reports have been published. All parts of the fruit can be responsible for allergic symptoms.
Cucurbita sp. peel Cucurbita sp. peel can cause allergic contact dermatitis (38, 39) after peeling and cutting-up uncooked Cucurbita species. (C. maxima varieties and butternut squash, respectively). Arochena et al. report a case of contact urticaria and angioedema of the face after handling onion and zucchini (C. pepo) with no symptoms after ingestion of cooked zucchini, for which an IgE-based mechanism was demonstrated (40) . By analogy to the major allergen of melon peel (Cucumis melo), LTP could be one possible allergen for contact allergy to pumpkin (41).
Curcurbita sp. pulp
In 2000, Figuendo et al. publish the first case of immediate-type systemic reaction associating pharyngeal and generalized itching, angioedema of the face and mild dyspnoea after ingestion of pumpkin pulp (C. pepo) in a 28-year-old woman, with cross reactivity to cucumber, zucchini, muskmelon and watermelon, supported by positive prick-to-prick tests and positive challenge tests (42) . In the same year, Reindl et al. report four cases of food allergy to raw and cooked zucchini (C. pepo), ranging from oral allergy syndrome to grade two anaphylaxis with digestive symp-
Phytochemistry of pumpkin seeds
Pumpkin (Cucurbita sp.) seeds are a good source of essential micro-elements such as K, Na, Cr, Mg, Zn, Cu, Mo and Se. Seeds are valued for their high protein amount (30 -37%) with presence of all 9 essential amino acids, as well as for their high quantity of lipids (40 -50%) containing essential fatty acids, especially alpha linoleic acid (omega-6). The lipid fraction of pumpkin seeds encloses also high concentrations of bioactive components: phytosterols, carotenoids, tocopherols and phenolic compounds (6, 10, 11, 13, 14) . Fat-soluble tocopherols and carotenoids, as well as phytosterols and polyphenols, have antioxidant activity and play an important role in decreasing DNA damage, diminishing lipid peroxidation, maintaining immune function, and inhibiting malignant transformation or proliferation (11, (13) (14) (15) .
Medicinal bioactivities of pumpkin seeds
The seeds of Cucurbita sp. have been traditionally used as medicine in China, India, Korea, Yugoslavia, Argentina, Brazil, Mexico and America, to treat intestinal parasites, urinary infections, bladder and kidney stones, biliary vesicle and prostate problems. Due to their anti-inflammatory and anti-oxidative properties, pumpkin seeds are thought to slow the aging process, reduce the risk of cataract development, promote wound healing and reduce symptoms of inflammatory diseases such as arthritis (6, 10, (14) (15) (16) . Broadspectrum antibacterial and antifungal activity has been reported for different peptides found in pumpkin seed oil, such as α-and β-moschins (MW: 12 kDa), MAP28 (MW: 28 kDa), MAP2 (MW: 2249D), MAP4 (MW: 4650D), MAP11 (MW: 11696D), peptide (MW: 8 kDa), and pumpkin albumin 2S (6, 10, 17) . Curcubitin and the protoberberine alkaloids berberine and palmatine have shown anthelminthic activity (18) , which was reported at the minimum inhibitory concentration of 23 g of pumpkin seed in 100 ml of distilled water in preclinical studies (10) . Because of their antimutagenic and immunomodulatory activity, pumpkin seeds have also been associated with lower risk of gastric, breast, lung, prostate and colorectal cancers (6, 17, 19, 20) . The ribosome-inactivating proteins Moschatin and Cucurmosin from the mature seeds of pumpkin (C. moschata) were reported to inhibit melanoma cell proliferation as well as leukemia, lung adenocarcinoma and pancreas cancer cell proliferation for the latter (21) (22) (23) . Pumpkin albumin 2 S was shown to exhibit a strong anticancer activity toward breast adenocarcinoma (MCF-7), ovarian teratocarcinoma (PA-1), prostate cancer (PC-3 and DU-145) and hepatocellular carcinoma (HepG2) cell lines (17) . Rich in omega-3 and omega-6 fatty acids, phytosterols and secoisolariciresinol, a lignan acting as phytoestrogen and anti-ox-pulp allergy can be part of the latex-fruit syndrome (51) . Finally, it may be associated with sensitization to peach (50, 52) . For Cucurbita sp. pulp allergy, possible allergens could be profilin (15 kDa protein, Cuc p 2, Cuc ma 2), LTP (8.9 kDa protein), cross-reacting carbohydrate determinants and zucchini-specific proteins of molecular weight of 16-17 kDa and of 41.5 kDa (42, 43, 48, 49) . González De Olano et al. identify an 18 kDa protein, corresponding to cyclophilin (Cuc ma CyP) as a relevant allergen for oral allergy syndrome to pumpkin (50) . toms or stridor (43) . The first case of pediatric food anaphylaxis to pumpkin pulp (C. maxima) was published by Hagendorens in 2009 (44) . Pumpkin can also be responsible for food-dependent exercise-induced anaphylaxis (45) or food protein-induced enterocolitis syndrome (46, 47) . Cucurbita sp. allergy can be isolated (43[three of the four cases]-46,48,49), but in some cases is correlated with clinical cross-allergenicity to other fruits of the cucurbitaceous family (cucumber, melon, and/or watermelon) (42, 43, 50) . Pumpkin (58, 59) . Cupins (7S vicilins and 11S legumins) have been identified in sesame seed, and 2S albumin storage proteins in both sesame and sunflower seed (60) . The important sequential and structural homology of storage proteins of different origins may be responsible for cross-reactivity between different edible seeds, peanuts and tree nuts (58) (59) (60) . In our case, no clinical cross-allergenicity has been demonstrated. However, slightly positive IgE to hazelnut 11S globulin (cor a 9) might be suggestive of biological cross-reactivity and implication of pumpkin specific 11S globulin in the boy's anaphylactic reaction.
Conclusions
Because of their potential therapeutic effects in the prevention of cardiovascular disease, cancer and aging process, seeds like pumpkin seeds are increasingly included in many foods, in alternative or natural medicines and in cosmetics. Pumpkin seed food allergy may therefore be expected to augment in the future. It should be assessed by carefully taking the patient's medical history and by including common edible seeds in food allergy testing panels (e.g. sesame, sunflower, pumpkin, flax and poppy seed).
Cucurbita sp. seed
Only seven cases of food allergy after ingestion of pumpkin seeds have so far been reported, with one of them also presenting occupational contact urticaria to pumpkin seeds. All six subjects tolerated pumpkin pulp and other fruits of the cucurbitaceous family (cucumber, melon and/or watermelon) (1, 12, (53) (54) (55) . Fritsch et al. describe three cases of adult fishermen who experienced allergic symptoms immediately after ingestion of food containing pumpkin seed. The clinical symptoms ranged from oropharyngeal itching and swelling to bronchial asthma. The patients had previously been sensitized by inhalation of a pumpkinseed flour mixture in its powdered form during preparation of baits to lure fish (the baits were made of a mixture of corn bran, wheat bran, pumpkinseed flour and water and then molded into balls) (12). Baur et al. report the particular case of an 18-year-old man with anaphylaxis associating pharyngeal swelling and dysphagia after eating rolls with pumpkin seed who three years later, when working as a baker, developed occupational contact urticaria to pumpkin seed (53) . Rodríguez-Jiménez record anaphylaxis with edema and erythema accompanied by a sensation of dyspnoea after ingestion of toasted pumpkin seeds (C. maxima species) in a 33-year-old pollen-allergic man who reported also facial edema and erythema after eating peach, apple, unpeeled pear, and orange (54) . Caubert et al. publish the first pediatric case of an 11-year-old boy with history of fish allergy and atopic dermatitis, who presented anaphylaxis with urticaria, angioedema and asthma after eating pumpkin seeds (1) . In a very recent report, Doll et al. describe a case of anaphylaxis in a 70-year-old woman with history of angioedema to shellfish. Almost immediately after ingestion of pumpkin seeds included in a trail mix, symptoms initiated with nausea and sense of impending doom and were followed by several syncopal episodes despite administration of an expired Epipen ® (55) . In accordance with Prieto-Gracia et al. (56) who describe two cases of food anaphylaxis with underlying mast cell disorder, the severity of the reaction (several syncopal episodes), the absence of cutaneous symptoms, especially hives, and a REMA score of ≥ 2 might be suggestive of an underlying clonal mast cell order in Doll and al.'s patient, despite a normal baseline serum tryptase (55) . Set apart from these cases of food allergy to Cucurbita sp. seed, but worth including in our review, is a report of food allergy to egusi-itoo seeds (seeds of African pumpkin Cucumeropsis mannii), a species of another Cucurbitaceae genus, Cucumeropsis. An 8-year-old Togolese girl presented an angioedema of the face after ingestion of egusi-itoo seeds, with no cross-allergy to pumpkin seeds of the Cucurbita species. A 60 kDa protein, specific to African pumpkin seed, was identified (57) . Pumpkin seed sensitivity may be associated with allergy to other seeds as reported by Lavine et al. in a 3-year-old boy allergic to sunflower and poppy seeds (58) .
